Introduction
Economics is concerned with making decisions. Economic decisions at the farm level are mainly focused on the allocation of resources such as land, labour, and capital among alternative uses. A fundamental characteristic of economic analyses is that the analysis is never entirely complete.
Additional data can always be added to the information base being assembled to support the decision-making process.
However, sooner or later, a decision must be made and a plan implemented. The purpose of economic decision-making, therefore, is not to 'be right' or to predict the future. Rather, the aim is to make the best decision given the available information. Because of the many subtle ways in which most diseases affect the productivity of farmed livestock, decisions concerning animal health are seldom made on an all-or-nothing basis. The animal health economist employs a limited number of analytical methods to assemble and analyse production and financial data to provide a framework for economic decision-making.
Cost of disease versus benefit of control
The inclination of individuals without training in animal health economics is often to attempt to estimate the 'cost of Alternatively, economic analysis techniques used by animal health economists are designed to estimate the benefits of disease control at the farm, regional, national, or international levels. In general, economic analyses performed from this perspective are simpler to construct and carry out. As disease eradication at the individual farm level is rarely a feasible option, economic analysis techniques can provide the decision maker with guidance to the cost-effectiveness of reducing disease prevalence to a manageable level. This introduces the concept of marginality. Where the cost of investing in further control measures exceeds the benefit of increased productivity, then to continue to spend money on the problem makes no sense. Furthermore, the rational decision maker should be concerned with alternative uses of available funds, such that the overall return on investment in the livestock production system is maximised, or at least consistent with the risks involved.
The importance of quality data
The most difficult aspect of economic decision-making is the acquisition and organisation of data in a format suitable for economic analysis. Once the relevant data have been assembled, the processes of formal analysis tend to be relatively straightforward. The quality of the data underlying health management decision-making at the herd level is a critical factor that impinges directly on the appropriateness of, and confidence in, the decisions made. Quality and completeness of financial accounting data is particularly important when estimating the potential benefits of competing interventions intended to protect against or reduce the impact of disease on the health and productivity of livestock populations.
Financial accounting data
Because of the widespread use of agreed and standardised methods of financial accounting, the process of gathering, the interpretation, and the use of financial data in decision-making in most sectors of the economy is a relatively straightforward process; agriculture, however, is the exception. Other industries have long ago adopted 'break-even' costs of producing a market weight pig. These are the production, operating, and total (net) break-even costs.
Each of these break-even measures is clearly defined, and allows the analyst to isolate production efficiency from business efficiency and leverage (use of debt).
Managerial accounting also requires management to allocate assets and liabilities, which comprise the business entity, by commodity (e.g. pork, milk and com), by location (e.g. farm 1, farm 2), or by group (e.g. freshly-calved cows, first-calf heifers, mid-lactation cows, dry cows). With this degree of organisation, the farm financial accounts can provide meaningful data on the production of each commodity, including the amounts and costs of inputs and the quantities and revenues received for marketed products.
Production records
A good financial management information system is often complemented by a good production records system maintained on a microcomputer. Production records are kept either on an individual animal basis (e.g. cows, sows), or on a group basis (e.g. growing pigs). One particular strength of computer-based production records systems is the ability of these systems to maintain accurate and complete lifetime histories and to generate a management list on a daily or weekly basis to identify animals requiring attention (a list of actions which need to be undertaken to ensure effective management). Once data have been maintained for one or two production cycles, the powerful analytic capability of the microcomputer allows the manager to generate information on the physical productivity of the livestock herd.
Comparison of physical productivity measures for groups of healthy and diseased animals can provide an indication of the loss of production efficiency attributable to disease, or conversely, the expected gains in production efficiency if the impact of disease could be minimised. Whatever the plan, a system of monitoring and control must be in place to inform management of the effectiveness of the programme. Complete and up-to-date production and financial records including the incidence of mortality, morbidity, treatments, vaccinations and related costs (i.e. costs related to treatments and vaccinations) can help managers to monitor health management plans, indicate the need for adjustments, and help monitor the effectiveness of adjustments made. Where significant differences between desired or expected physical production and budgeted financial performance begin to emerge, the monitoring system will alert the farmer to the situation, thus providing the opportunity to intervene before serious economic loss is incurred.
Monitoring and control

Time horizons and the time value of money
The time horizon is the period for which the economic analysis is undertaken. The longer the time horizon, the greater the number of factors that should be included in the analysis.
Once the time horizon exceeds one year, and especially where the time horizon includes multiple years, a consideration of the time value of money is appropriate. The time value of money is based on the notion that money received now is better than money received later. Firstly, while money already paid or received can be counted with certainty, the promise of 359 money to be received in the future is a higher-risk prospect.
Secondly, money received today has a greater value than an equal sum to be received in the future; if invested, a dollar can be expected to grow to a larger sum in the future. While a conservative investor might put the dollar in a risk-free investment such as a bank savings account, a less risk-averse individual may choose a higher-risk investment, such as a stock market mutual fund, in search of higher return on investment. Whatever the strategy, money received now has more value than money received in the future because of the existence of alternative opportunities for use.
The formula used to calculate the present value (PV) of a future sum (FS) is:
Where: r = periodic interest (discount) rate n = number of periods.
For example, the present value of US$1,000 to be received two years hence, discounted at 7.5% is calculated as follows: PV = US$1,000
(1 + 0.075 ) 2 PB = US$1,000
The term 'discount rate' is used to describe the interest rate because future sums are made smaller as the number of periods into the future increases. Thus, the higher the discount rate used, the lower the present value of future cash flows. The choice of an appropriate value for a discount rate is often debated. A useful starting point is to use the 'real rate of interest', which is the nominal interest rate (the cost of borrowing money) minus the inflation rate. For example, if the market interest rate is 8.25% and the inflation rate is 1.5%, then the real rate of interest would be:
8.25% -1.5% = 6.75%. When using discounting methods in cost-benefit analysis (CBA), a useful technique is to perform a sensitivity analysis by calculating the net present value (NPV) and the internal rate of return (IRR) over a range of discount rates. If the changing discount rate does not change the ranking of alternatives, then the confidence of the decision maker in the decision will be improved. On the other hand, if the ranking of alternatives is sensitive to the discount rate, additional effort should be focused on the selection of the appropriate discount rate.
In a capitalist society, interest rates reflect the time value of money. In any economy, interest rates are determined by the supply and demand for money, plus a 'risk premium' usually assessed by the lender of the money. In general, a banker will be willing to lend at a lower interest rate to a farmer who has had a long association with the bank, and whose business has amassed a significant amount of equity over the years. Where a loan would result in a farm business having a high ratio of debt to equity, as in the case of a new business, the lender would probably charge a higher rate of interest, reflecting a higher-risk investment.
Budgeting
For most farm businesses the aim of the manager is to generate a profit. This may be achieved by reducing production costs to provide a strategic advantage, or by increasing the efficiency of production of livestock products (e.g. milk, meat or wool) by controlling the effects of disease on animal populations. Budgets provide a framework for measuring or estimating the profitability of a livestock production system, as well as a means for monitoring the effectiveness of a disease control strategy once the strategy has been implemented.
A sample budget in the form of a projected income statement for a pork production profit centre using a managerial accounting approach is illustrated in Table I . The information, including the breakdown per head sold, per hundredweight sold, and per breeding female place, provides an estimate of the overall profitability of the pork production enterprise.
Profit is calculated as revenue minus expenses. Direct production expenses are allocated directly to the pork profit centre by the accounting system. Direct expenses include purchased feed and livestock (cost of goods sold). Income received from the sale of cull breeding livestock is listed as a reduced expense rather than a revenue item. This is appropriate because cull breeding livestock is a by-product of the production system, as distinct from growing pigs raised with the intent of marketing as the primary, finished product.
Pork-related allocations from the equipment, labour, and overhead cost centres are added to the direct production expenses. Deduction of these expenses from gross revenue provides a value for the net income from production. Net income from operations and net income are then sequentially calculated by deducting the pork allocations of the general and administrative and financing cost centres, respectively. By using this approach, production, operating, and total (net)
break-even figures for producing pork, on a per head sold, per hundredweight (live) sold, and per breeding female place can be calculated.
Generation of a full budget requires either a sophisticated financial accounting system, or detailed manual calculations.
However, if constructed appropriately, a budget can be used effectively as part of ongoing monitoring to provide information on the profitability of the livestock production system.
Partial budgeting
Developing 'before' and 'after' budgets is one possible method of generating data to examine the feasibility of an intervention intended to improve animal health. However, at least in the first instance, the development of comprehensive budgets is not necessary to examine the feasibility of animal health-related questions. This is particularly true where the time horizon does not exceed one year, so that the time value of money may be ignored.
Partial budgeting is useful for the consideration of relatively small changes in the overall scale of the farm business. 
Net benefit = (1 + 2) -(3 + 4).
The attractions of partial budgeting are that the method is quicker than complete budgeting, and focuses attention on the issues that are of interest. The disadvantages of the technique are that no clear time horizon can be specified, and distinguishing between 'one-time' and recurrent costs can present difficulties. In addition, no consideration is given to the time value of money (discounting), and an item can easily be missed or double-counted by recording the same effect as both reduced income and increased expense items. Further, no comparison can be made with alternative investments (opportunity costs) and no consideration is given to the uncertainty of the outcome. Nevertheless, despite these drawbacks, partial budgeting is a useful tool for a first-cut or preliminary economic analysis. Should a project pass the first test of the partial budget, then the feasibility analysis should be continued using one or more of the techniques described below.
Decision tree analysis
In Probabilities at each chance node must sum to one (or 100%).
For example, if the probability of an animal living if no treatment is given is 40%, then the associated probability of an untreated animal dying must be 60% (100% -40%). The value (cost = -US$50) of treatment is indicated at the chance node following the branch showing the decision to treat. Regardless, the decision maker will have made the best decision given the available information (4, 5, 6, 7, 8, 9, 10) .
Cost-benefit analysis
Cost-benefit analysis is useful in comparing alternative disease control programmes over an extended time horizon, typically five to twenty years. While the technique has typically been used to evaluate large-scale projects such as national disease eradication and control programmes, the technique could also be used for analysis of animal health decisions at the farm level. In fact, the approach is similar to that which a farm manager would use in capital budgeting to help decide whether to purchase or lease a major item of farm equipment.
Fig. 1 Example of a decision tree
Cost-benefit analysis involves the following four steps:
-specification of the flow of costs -specification of the flow of returns -choice of an appropriate discount rate -specification of the decision criterion.
Decision criteria
Net present value
Net present value is the simple mathematical difference between the present value of the flow of future returns and the present value of the flow of costs. The value of the total programme is reduced to a single figure, discounted to current monetary values. The decision rule is as follows: if NPV is greater than zero, then the investment under consideration has a return greater than the opportunity cost of the money to be invested (discount rate).
Benefit-cost ratio
Benefit-cost ratio (BCR) is calculated by dividing the present value of the flow of returns by the present value of the flow of costs. The calculation yields a number representing the relative sizes of the benefits and costs. The weakness of the BCR is that it provides no indication of the scale of investment involved in the project, which may be an important consideration where available funds are limited. The decision rule is as follows: if BCR is greater than one, then NPV must be greater than zero.
Internal rate of return
Internal rate of return is calculated by finding the discount rate that equates the present value of future cash flows to the cost of the investment (that is, the interest rate that would yield an NPV of zero). The IRR is a useful figure, Table II Calculation of net present value, internal rate of return and benefit-cost ratio (US$)
if the IRR is greater than that for alternative uses of the funds (opportunity cost).
Payback period
Payback period (PBP) provides the answer to the question of how long it will take before the flow of returns from the programme have paid off the total investment. While the PBP approach appeals to risk averse decision makers, this is the least useful of the decision criteria. This is because the PBP is usually calculated using nominal dollars, thus ignoring the time value of money. More importantly, the flow of returns beyond the payback point is ignored. While calculation of the PBP can be helpful, the technique should be used in conjunction with other measures, rather than as the sole decision criteria.
An example analysis is shown in Table II . Supposing that an animal health management programme has been designed to reduce the prevalence of paratuberculosis in a cattle herd over a five-year planning horizon, the initial investment (in year zero) will be US$15,000, followed by US$10,000 in year one, Economie de la santé des animaux domestiques au niveau du troupeau
W. Marsh
Résumé L'économie de la santé animale est une discipline relativement nouvelle, dont les concepts, procédures et données sont utilisés pour fonder les décisions qui permettront d'optimiser la gestion zoosanitaire. L'impact économique de la plupart des maladies qui frappent les animaux domestiques étant d'ordinaire plus important lorsque l'infection est inapparente que lorsqu'elle s'exprime cliniquement, la gestion zoosanitaire affecte autant les dépenses faites au titre de la prévention de maladies que celles faites au titre du traitement d'animaux présentant des signes cliniques manifestes. La preuve est désormais faite que les programmes zoosanitaires offrent un excellent taux de rendement des investissements. En effet, en réduisant l'impact d'une maladie on accroît l'efficacité de la production, souvent sans apport supplémentaire en aliments ou en main-d'oeuvre. Les techniques analytiques décrites par l'auteur sont les plus simples, les plus utiles et les plus couramment utilisées par les économistes de la santé animale. Plusieurs méthodes, utilisées séparément ou conjointement, permettent de prendre la plupart des décisions d'économie zoosanitaire au niveau de l'élevage : la budgétisation partielle, l'analyse des diagrammes de décision ou l'analyse coût-bénéfice. Quelle que soit la technique utilisée, la qualité de l'analyse dépend de celle des données utilisées. análisis sólo sera bueno en la medida en que lo sean los datos de partida.
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